The study aimed to assess the genetic diversity of 2-decyl-4-quinazolinyl amine exon2 (DQA2 exon2) gene among the Egyptian goat populations from different agro-climatic areas. Data of diseases distribution as well as blood samples were collected. The data collected for diseases distribution showed differences in the types of diseases between the agro-climatic areas. The Single Strand Conformation Polymorphism technique (SSCP) was used to assess the genetic diversity of DQA2 exon2 gene among the goat populations. The results showed that the DQA2 exon2 gene locus displayed 21 alleles with different frequencies in each of goat population. The gene diversity values among the populations ranged from 0.950± 0.022 to 0.887± 0.033. The difference between the most southern population (Aswan) and the remaining populations translate to significant (P< 0.05) differentiation for only one population pair (Aswan -Baladi, with FST= 0.055; P= 0.001). Scrutiny of allele composition in these two goat populations showed unique alleles in each population (six in Aswan and four in Baladi). The results of the study suggested that the allelic numbers and allelic composition for the DQA2 exon2 gene among the Egyptian goat populations showed diversity in the immune gene due to the different pathogens exposure.
INTRODUCTION
The major histocompatibility complex (MHC) is a group of genes which play an important role in the immune system and autoimmunity. The multi-gene MHC family codes for cell surface glycoproteins and is important in animal conservation due to its role in conferring resistance against pathogens (Miller et al., 2010) . Diversity of MHC genes is thought to be maintained by selective pressures arising due to pathogen exposure, population bottlenecks, demographics, environmental influences, and social structure (Piertney and Oliver, 2006; Cutrera and Lacey, 2006; Santucci et al., 2007; Ibeagha-Awemu et al., 2008; Kennedy et al., 2010) . Wu et al. (2012) reported that MHC high diversity has been shown to allow response to a wider range of parasites and pathogens. Conversely, loss of variation within the MHC complex has been suggested as the reason behind the increased susceptibility to diseases frequently found in severely bottlenecked species such as the cheetah (Acinonyx jubatus), the European bison (Bison bonasus) and the Tasmanian devil (Sarcophilus harrisii) (Radwan et al., 2007; O'Brien et al. 1985; Siddle et al., 2007) .
The MHC genes can be divided into three major classes: Class I, Class II and Class III (Vandre et al., 2014) . MHC Class II molecules can be further separated into subtypes of cell surface receptor protein found on antigen presenting cells (DQ and DR) . The subtypes are the most polymorphic sites in both human and domestic animal species that play major role in the development of MHC determined immune responses (Zhou et al., 2005) .
Genetic analysis based on marker diversity usually uses neutral markers such as non-coding mitochondrial markers (mtDNA) and microsatellites. These markers are useful for analyzing population histories and dispersal patterns, but are not as effective for assessing the capacity of population's to adapt to changes and future challenges (Vali et al., 2008) .
The MHC is reported as an ideal candidate region to study the adaptive variation among populations due to its high levels of polymorphism and its functionality as the main immune coding region of the mammalian genome (Sommer, 2005) . 2-decyl-4-quinazolinyl amine exon2 (DQA2 exon2) gene is recorded with the polymorphism characteristics of its locus which is thought to be maintained due to environmental changes and pathogens exposure (Hickford et al., 2004; Zhou et al., 2005) . The study aimed to assess the genetic diversity of DQA2 exon2 gene in the Egyptian goat populations from different agro-climatic areas to explore interactions among goat populations and assess the genetic diversity of population's to adapt to the pathogens exposure.
MATERIALS AND METHODS
Samples: Blood samples were collected from healthy animals of different agro-climatic areas as follows (Fig 1): (1) 25 samples were collected from animals in area 1. The goats in this area are exposed to north coast climate and is known as Barki ( Basic qualitative data of the disease prevalence for each locality were collected through interviews with farmers and the records of veterinary units in each area where samples were collected.
Genomic DNA extraction and PCR amplification:
Genomic DNA was extracted from whole blood using the phenol-chloroform method described by John et al. (1991) . Amplification of goat DQA2 exon2 was achieved using primers designed according to Zhou et al. (2005) : forward -CTT CCT GCT CCT CAC CCT CAC; reverse -AAA GAG AAG TAG AAT GGT GGA CAC TT (Sigma Aldrich, Germany). A PCR cocktail consisting of 1.0 M each of the forward and reverse primers and 2x power Taq PCR master mix (Bioteke Corporation, China) was placed into PCR Eppendorf tubes with 100 ng of DNA. The reactions ran in a Coy Temp Cycler II (Coy Corporation, Grass Lake, USA) and were cycled for 2 min at 94°C, followed by 32 cycles each of 30 s at 94°C, 30 s at 58°C, and 30 s at 72°C, with a final extension of 5 min at 72°C. The success of PCR amplification was tested using 2% agarose gels for electrophoretic separation and molecular weight calculation using a molecular weight standard (100-bp) DNA ladder, (Promega Corporation, USA).
The well amplified PCR products were analyzed using Single Strand Conformation Polymorphism (SSCP) to screen for genetic diversity within the amplified segments (Orita et al., 1989) . A 12% polyacrylamide gel was freshly prepared by mixing 20 ml stock solution of acrylamide (29:1) (Sigma Aldrich, Germany) with 10 l TBE buffer (Trisbase, Boric acid, Na2EDTA, Sigma Aldrich, Germany) (5X or 1X), 2.5 ml glycerol (Loba Chemie, India), 17.5 ml deionized water, 400 l APS solution (ammonium per sulfate, Sigma Aldrich, Germany) and 40l of TEMED (N, N, N´, N´-Tetramethylethylenediamine, Sigma Aldrich, St. Louis, USA). The PCR product (8l) was mixed with 8l denaturating loading dye [95% Fomamide, 0.25% bromophenol blue, 0.25% xylene cyanol and EDTA (0.5M)] and denaturation for 5 minutes at 95ºC and then transferred to ice before loading unto polyacrylamide gels. The gel ran at a constant 200 V for 5 hours. Silver staining was used to visualize separated DNA-fragments with high sensitivity (Bassam et al., 1991) .
Statistical analysis:
The different SSCP patterns were identified according to the molecular size (using 100-bp ladder) and the number of bands for each pattern. Identification of the different patterns (alleles) and calculation of the allelic frequency for each population were used to assess the genotypes for each population. The genotypes of each population were correlated with the prevalence of the diseases from each agro-climatic area. ARLEQUIN ver 3.1 software (Excoffier et al., 2005) was used to extract information on genetic and demographic features of the collected population samples. Input files were created using the FREQUENCY format, with each allele in each population specified using an identifier (eg. A, B, C…) and the sample frequency (observed number of each allele). Genetic diversity within populations was expressed as gene diversity, which is equivalent to the expected heterozygosity for diploid data (Nei, 1987) . The number of alleles, in each population, was also determined. Genetic differentiation between populations was calculated as F ST (from ARLEQUIN) to determine the extent of population sub-structure due to drift or selection.
RESULTS AND DISCUSSION
A 305-bp fragment of the DQA2 exon2 gene was successfully amplified in all tested samples of the Egyptian goat populations. On polyacrylamide gels, the gene locus was found to be polymorphic with 21 different SSCP patterns (or alleles) identified. The alleles were designated A-U (Fig 2) . The results showed that allele A is the most frequent allele in all populations except the AS population (where it is absent) and BK, where A, B and C occur at equal frequencies. Alleles B, C and D were each observed Table1: The presence and frequency of DQA2 exon 2 alleles for the Egyptian goat populations, and for the overall sample of 146 animals. See text for abbreviations used.
The different alleles reported in Egyptian goat populations.
in all populations, with the remaining alleles observed in 1-5 populations each (Table 1) . Allele N was specific for the AS population; with P and Q specific for SD and allele U specific for the SH population. The frequencies of these unique alleles ranged from 0.04-0.08.
The results of SSCP analysis for each population revealed that the number of distinct alleles per population ranged from 14 in AS and SD to 13 in BK, 12 in BA and SH and 10 in the ZA population (Table 2) . Corresponding Gene Diversity values are also presented in Table 2 , and ranged from 0.947-0.950 in the BK, SD and AS populations, to 0.917 in SH and 0.877-0.887 in BA and ZA.
Genetic differentiation among the populations studied is presented in Table 3 . F ST values suggesting a complete lack of differentiation was observed between seven papulation pairs (AS:BK/SD/SH; BK:SD/SH; SD:SH and SH:ZA), with low F ST values of 0.003-009 for BA:BK/SH/ ZA. Higher FST values of 0.013-0.019 were observed for BA:SD, SD:ZA, AS:ZA and BK:ZA, with the highest value of F ST = 0.055 observed between AS and BA. The latter pairwise comparison is the only one where the hypothesis of significant differentiation is supported by the associated P value (P= 0.001).
In this study, the genetic diversity of the DQA2 exon2 gene locus was measured in Egyptian goat populations.
The results showed that the DQA2 exon2 gene locus displayed 21 alleles with different frequencies in each of goat population (Table 1 ). The polymorphism in the Egyptian goat populations is comparatively high compared to Boer goats where 11 alleles were previously detected by Zhou et al. (2005) for the same gene locus. The high level of the gene diversity found in Egyptian goat populations could possibly be correlated to the animals exposed to different agro-climatic conditions and different pathogens exposure.
Results from the current study revealed differences in both allelic numbers and allelic frequencies in the Egyptian goat populations studied. The most notable difference occurred between the Aswan population in the south and the remaining populations further to the north. While the Aswan population has the highest level of gene diversity observed Scrutiny of allele composition in these two goat populations showed unique alleles in each population (six in Aswan and four in Baladi). These results of allelic numbers and allelic composition of the DQA2 exon2 gene and the data collected for the diseases prevalence among the Egyptian goat populations (Table 1 and Fig 1) suggested that the difference in the DQA2 exon2 alleles numbers and composition is the result of different agro-climatic localities and pathogens exposure where the Baladi goat exposed to pathogens (Brucellosis, Mycoplasmosis, FMD, Pox & PPR) differ than that of the Aswan goat exposed (Corynebacterial infection and Coccidiosis). Subsequently, the animals in each area developed the self-immune response where the immune system function adapted to protect against the exposure pathogens. The threatens to the pathogens exposure lead to genetic diversity among populations. The results of the study were in agreement with Hickford et al. (2004) , Vali et al. (2008) and Smetko et al. (2015) who reported that the adaptation of MHC genes functions maintained due to environmental changes and pathogens exposure.
CONCLUSION
The allelic numbers and allelic composition of the DQA2 exon2 gene in Egyptian goat populations from different agro-climatic areas clarified the adaptation of each population to the pathogens exposure. Accordingly, studying the genetic diversity of the functional genes provide important data required for sustainable management and genetic resources conservation.
